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Design  and  Testing  of  Small  Composite  Specimens 

ABSTRACT 

An  experimental  investigation  was  conducted  to  study  the 
effect  specimen  size  on  the  buckling  strains  of  liminates  sub¬ 
jected  to  low  velocity  projectile  impact.  The  fiber  composite 
selected  was  T300/5208  graphite/epoxy  system.  The  quasi-isotropic 
laminates  tested  had  16  and  32  plies.  The  results  were  compared 

with  those  of  a  48-ply  laminate  tested  elsewhere.  Specimens  of 
« 

three  different  lengths  with  length  to  width  aspect  ratios  of  1, 
1.5  and  2  were  also  studied.  The  results  show  that  (a)  the  spe¬ 
cimen  length  does  not  have  any  significant  influence  on  the 
buckling  strains  at  failure  caused  by  the  projectile  impact,  (b) 
the  influence  of  specimen  thickness  on  the  strains  at  failure 
would  decrease  as  the  velocity  of  the  impacting  projectile  in¬ 
creases. 
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LEGEND/ABBREVIATIONS 


K.E  Kinetic  Energy  of  the  impacting  projectile,  J. 

a  Stress,  MPa. 

o  Maximum  Stress  {of  undamaged  specimen),  MPa. 

e  Strain  corresponding  to  a. 

e  Maximum  Strain  corresponding  to  a. 

a  Nominal  length  of  specimen,  cm. 

b  Nominal  width  of  specimen,  cm. 

t  Nominal  thickness  of  the  specimen,  cm. 

•  Data  point  corresponding  to  catastropic  failure. 

0  Data  point  corresponding  to  residual  strength  or 

strain  of  specimen  surviving  the  impact. 

o  Data  Point  corresponding  to  preload  or  prestrain 
applied  to  the  specimen  prior  to  impact. 

i,r,u  Subscripts  refer  to  values  at  impact,  residual  stage 
ultimate  or  maximum  values,  respectively. 


\ 


LIST  OF  TABLES 


Table  No. 

Title 

Page 

I 

Dimensions  of  the  Specimens 

10 

II 

Experimental  Data:  A 

i  10  Series 

11 

III 

Normalized  Data:  A  10  Series 

15 

IV 

Experimental  Data: 

A  15  Series 

17 

V 

Normalized  Data:  A 

15  Series 

19 

VI 

Experimental  Data: 

A  20  Series 

20 

VII 

Normalized  Data:'  A 

2D  Series 

22 

VIII 

Experimental  Data: 

B  10  Series 

23 

IX 

Normalized  Data:  B 

10  Series 

26 

X 

Experimental  Data: 

B  15  Series 

27 

XI 

Normalized  Data:  B 

15  Series 

29 

XU 

Experimental  Data: 

B  20  Series 

30 

XIII 

Normalized  Data:  B 

20  Series 

32 

XIV 

Faired  Data:  Strains,  K.E,  K. E/ply  (A  &  B) 

33 

XV 

Faired  Data:  Strains,  K. E/ply  (NASA,  Ref.  1) 

36 

LIST  OF  FIGURES 


Figure  No. 

Title 

Page 

1 

Nominal  and  Unsupported  Specimen  Size 

37 

2 

General  View  of  Specimen  Supporting  Device 

38 

3 

Stress  vs.  K.E  of 

Projectile 

-  A  10  Series 

39 

4 

1 

1 

Normalized  Stress 
A  10  Series 

vs.  K.E  of 

Projectile  - 

40 

5 

Strain  vs.  K.E  of 

Projectile 

-  A  10  Series 

41 

J  6 

1 

Normalized  Strain 
A  10  Series 

vs.  K.E  of 

Projectile  - 

42 

7 

Stress  vs.  K.E  of 

Projectile 

-  A  15  Series 

43 

8 

Normalized  Stress 
A  15  Series 

vs.  K.E  of 

Projectile  - 

44 

9 

Strain  vs.  K.E  of 

Projectile 

-  A  15  Series 

45 

10 

Normalized  Strain 
A  15  Series 

vs.  K.E  of 

Projectile  - 

46 

11 

Stress  vs.  K.E  of 

Projectile 

-  A  20  Series 

47 

12 

Normalized  Stress 
A  20  Series 

vs.  K.E  of 

Projectile  - 

48 

13 

Strain  vs.  K.E  of 

Projectile 

-  A  20  Series 

49 

14 

Normalized  Strain 
A  20  Series 

vs.  K.E  of 

Projectile  - 

50 

15 

Stress  vs.  K.E  of 

Projectile 

-  B  10  Series 

51 

16 

Normalized  Stress 
B  10  Series 

vs.  K.E  of 

Projectile  - 

52 

17 

Strain  vs.  K.E  of 

Projectile 

-  B  10  Series 

53 

18 

Normalized  Strain 
B  10  Series 

vs.  K.E  of 

Projectile  - 

54 

19 

Stress  vs.  K.E  of 

Projectile 

-  B  15  Series 

55 

20 

Normalized  Stress 
B  15  Series 

vs.  K.E  of 

Projectile  - 

56 

21 

Strain  vs.  K.E  of 

Projectile 

-  B  15  Series 

57 

22 

Normalized  Strain 
B  15  Series 

vs.  K.E  of 

Projectile  - 

58 

caBjEraraK’irtiyreccw 


List  of  Figures  (Continued) 


fiqure  No. 

Title 

.  23 

Stress  vs.  K.E  of  Projectile  -  B  20  Series 

59 

24 

Normalized  Stress  vs.  K.E  of  Projectile  ~ 

B  20  Series 

60 

25 

Stress  vs.  K.E  of  Projectile  -  B  20  Series 

61 

26 

Normalized  Strain  vs.  K.E  of  Projectile  - 
B  20  Series 

62 

27 

Strain  vs.  Projectile  Energy  (values  taken 
from  the  faired  threshold  curves) 

63 

28 

Strain  vs.  Projectile  Energy/ply 

64 

INTRODUCTION 


The  use  of  high-modulus  fiber  composites  in  the  design  of 
structural  components  of  aircraft  is  increasing.  One  of  the 
problems  that  need  attention  in  such  a  design  is  the  effect  of 
low  velocity  projectile  impact  on  the  strength  carrying  ability 
of  the  composite  structural  components.  If  the  structural  com¬ 
ponents  are  to  be  subjected  to  compressive  loads,  the  analysis 
of  buckling  failure  modes  is  also  important.  The  objective  of 
the  present  work  is  to  show  any  correlation  that  may  exist  be¬ 
tween  the  results  obtained  from  testing  large  thick  panels  and 
small  thin  panels.  Earlier  work  by  Rhodes  [1]*  addressed  some 
aspects  of  the  buckling  strains  in  thicker  composite  laminates. 
Several  types  of  failure  modes  in  the  thick  compression  panels 
were  also  identified  in  this  study.  With  the  results  of  this 
study  in  the  background,  the  present  study  is  directed  to  in¬ 
vestigate  the  advantages,  if  any,  in  testing  thinner  laminates 
of  variable  lengths.  The  specimen  stabilization  and  loading 
mechanism  is  similar  to  that  used  by  Rhodes  [1]  and  is  shown  in 
Figure  2. 


*  Numbers  in  the  square  brackets  refer  to  references  at  end. 
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SPECIMENS  AND  EXPERIMENTAL  ARRANGEMENT  |  1 

•  All  the  specimens  tested  were  identical  with  respect  to  • 

material,  orientation,  stacking  sequence  and  width  with  the  j 

exception  of  the  thickness  and  the  length.  The  material  j 

selected  was  graphite/epoxy  (T300/5208)  system.  The  orienta¬ 
tion  and  stacking  sequence  were  (±45,0,90) for  the  32-ply  ■; 

A  Series  laminates  and  (±45,0,90) for  the  16-ply  B  Series 
laminates.  Each  lamina  in  the  panel  had  a  nominal  cured  thick¬ 
ness  of  140Xl0-6m  (0.0055  in.).  The  nominal  dimensions  of  the 
specimens  tested  are  shown  in  Table  I.  A  sketch  of  the  speci¬ 
men  indicating  the  unsupported  and  the  supported  dimensions  is 
shown  in  Figure  1.  A  general  specimen  support  and  stabilization 
mechanism  is  shown  in  Figure  2.  This  supporting  device  was  used 
in  testing  all  the  specimens.  However,  the  side  support  bars 
and  channel  sections  as  shown  in  Figure  2,  were  of  variable 
lengths  to  correspond  with  the  respective  specimen  lengths.  The 
projectile  impact  at  low  velocities  was  accomplished  by  using  an 
air  gun.  The  projectile  is  an  aluminum  sphere  1.27  cm  (0.5  in.) 
in  diameter.  The  projectile  firing  mechanism  was  described 
briefly  by  Sharma  (2). 

Static  compressive  loads  were  applied  to  the  specimens 
using  the  specimen  loading  and  stabilizing  device  as  shown  in 
Figure  2.  In  this  figure,  only  the  bottom  support  plates  are 
shown.  The  top  support  plates  (not  shown)  are  similar  to  the 
bottom  support  plates  (D  &  E) .  The  side  support  bar  (A)  and 
the  channel  (B)  were  designed  to  prevent  the  laminate  from 
column-type  failure  under  compressive  loads.  The  bars,  shown 


as  C  (and  there  were  four  such  bars  -  two  in  the  bottom  and  two 
•in  the  top)  serve  to  prevent  the  side  support  mechanism  from 
rotating  (or  tilting)  in  compression.  The  whole  device  was  de¬ 
signed  in  such  a  way  to  accommodate  the  axial  compressive 
deformation  of  the  specimens.  Detailed  dimensions  of  the  sup¬ 
porting  device  were  shown  in  Ref.  3.  The  compressive  loads  and 
the  resulting  strains  were  recorded  using  the  standard  experimental 
techniques.  The  axial  strains  were  measured  using  four  strain 
gages.  Two  of  these  gages  were  bonded  on  the  front  plane  and  two 
at  the  corresponding  points  on  the  back  plane.  Moreover,  the  gages 
were  located  at  points  on  the  specimen  away  from  the  physical  con¬ 
straints  imposed  on  the  specimen  by  the  supporting 

and  loading  mechanism.  Several  undamaged  specimens  in  each  of  the 
series  were  tested  to  determine  the  compressive  axial  strains  and 
the  corresponding  loads.  Some  of  the  specimens  were  subjected  to 
varying  magnitudes  of  preloads  prior  to  the  projectile  impact. 

The  magnitude  of  the  preload  applied  to  the  specimen  was  less  than 
the  maximum  compressive  load.  Depending  on  the  magnitude  of  the 
preload,  some  specimens  failed  catastrophically  upon  impact. 
Loading  was  continued  on  those  specimens  that  survived  the  impact 
to  determine  the  residual  strength  of  the  impact-damaged  specimens. 
The  term  "failure  -hreshold"  used  in  subsequent  sections  is  defined 
as  the  lowest  buckling  load  which  precipitated  catastrophic  fail¬ 
ure  in  the  specimen  at  a  given  impact  energy.  The  stress  ratio, 
o/d,  used  in  this  report  is  defined  as  the  ratio  of  the  stress 
in  the  specimen  prior  to  impact,  or  the  residual  strength  of  the 
specimen,  to  the  static  buckling  strength  of  the  virgin  specimen. 
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RESULTS  AND  ANALYSES 

The  nominal  width  of  all  the  specimens  was  7.62  cm  (3.0  in.). 
In  each  of  the  Series  labled  as  A  and  B,  specimens  of  three  dif¬ 
ferent  lengths  with  length  to  width  aspect  ratios  of  1:1,  1.5:1, 
and  2:1  were  tested.  The  total  number  of  specimens  tested  in  each 
of  the  series  is  shown  in  tabular  form  elsewhere  in  this  report. 

The  numerical  data  fror  testing  the  specimens  are  given  in 
Tables  II  through  XIII.  The  normalized  values  shown  in  these 
tables  were  obtained  from  dividing  the  magnitude  of  the  appro¬ 
priate  variable  by  the  corresponding  average  ultimate  values  of 
the  undamaged  specimens  at  failure.  A  few  of  the  abnormal  values 
observed  in  this  process  were  discarded.  These  abnormal  values 
were  suspected  to  be  the  result  of  either  inadvertent  misalign¬ 
ment  of  the  loading  fixture  or  by  not  providing  sufficient  torque 
to  the  bolts  that  hold  the  specimen  in  the  loading  fixture.  It 
may  be  remarked  that  those  components  of  the  loading  and  support¬ 
ing  device  that  come  in  contact  with  the  specimen  either  before 
loading  or  during  loading  were  provided  with  smooth  rounded  off 
edges  in  order  to  minimize  any  localized  stress  concentrations 
on  the -specimen. 

The  numerical  data  for  each  of  the  series  of  specimens  tested 
is  plotted  as  a  function  of  the  kinetic  energy  of  the  impacting 
projectile.  The  resulting  graphs,  for  example,  are  shown  in 
Figures  3-6  for  the  specimens  in  A  10  Series  (aspect  ratio  1:1, 

32  plies) .  Based  on  the  limited  experimental  data,  a  faired  curve 
through  the  data  points  is  drawn.  This  faired  curve  is  designated 
as  a  failure  threshold  curve.  The  failure  threshold  curve  may  be 
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interpreted  to  demark  the  area  of  graphs  shown  in  this  report  into 
two  distinct  zones,  viz.,  the  failure  zone  and  the  survival  zone. 
Whenever  the  applied  stress  (or  strain)  level  is  above  the  failure 
threshold,  the  specimen  would 'fail  catastrophically  upon  impact  at 
the  impact  energy  level  under  consideration.  From  these  faired 
failure  threshold  curves,  it  is  possible  to  develop  an  approximate 
idea  with  regards  to  the  residual  strength  of  the  impact-damaged 
laminates  subjected  to  compressive  loads.  The  graphs  indicating 
the  experimental  data  for  the  other  series  of  specimens,  A  15,  A  20, 
B  10,  B  15,  and  B  10  are  shown  in  Figures  7-10,  11-14,  15-18,  19-22, 
and  23-26,  respectively. 

The  primary  objective  of  this  study,  as  indicated  earlier, 
is  to  observe  any  correlation  that  may  exist  in  the  buckling  strains 
by  testing  laminates  of  various  thicknesses  and  lengths.  It  was 
indicated  by  Rhodes  [1]  that  width  effects  beyond  a  certain  minimum 
specimen  width  (for  example,  width  to  projectile  diameter  ratio 
greater  than  5)  appear  not  to  influence  the  buckling  strains. 
Consequently,  this  study  is  directed  towards  varying  the  lengths 
and  thicknesses  of  the  laminates  studied.  The  variation  of  strains 
at  failure  as  a  function  of  the  total  projectile  impact  energy  for 
all  the  laminate  series  tested  is  shown  in  Figure  27.  The  data 
base  for  the  curves  in  Figure  27  is  generated  from  the  respective 
faired  (threshold)  curves  for  each  of  the  series  tested.  The  NASA 
data  (Ref.  1,  Fig.  9,  b,  48-ply  quasi-isotropic  laminate  C)  that 
is  used  in  this  report  is  similarly  generated.  The  data  base  so 
generated  is  shown  in  Tables  XIV  and  XV.  Since  the  number  of 
specimens  tested  for  each  series  at  any  one  energy  level  is  limited. 
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the  data  generated  from  the  faired  curves  is  deemed  to  be  a  better 
♦representation  of  the  laminate  behavior.  It  may  be  noted  that  the 
magnitude  of  the  impact-energy  in  the  NASA  study  was  at  a  relative¬ 
ly  higher  level  than  the  impact  energy  level  used  in  this  study. 
Further ,  the  number  of  plies  in  each  of  the  series  and  that  of  NASA 
are  16  (B  Series),  32  (A  Series),  and  48  (NASA),  respectively.  For 
the  purpose  of  comparing  the  results,  the  impact-energy  needed  per 
ply  to  cause  catastrophic  failure  at  a  particular  strain  level  is 
assumed  to  be  a  common  denominator  for  all  the  laminates.  The 
derived  strain  data  and  the  corresponding  energy  per  ply  for  all 
the  laminates  are  also  shown  in  Tables  XIV  and  XV.  These  results 
ore  plotted  as  shown  in  Figure  28. 

By  studying  the  series  of  graphs  in  Figure  28,  a  few  observa¬ 
tions  may  be  made: 

1.  The  laminates  of  A  Series  (32  plies)  having  the  length 
to  width  aspect  ratios  of  1:1,  1.5:1,  and  2:1  do  not 
seem  to  have  significant  variation  in  their  s'-.rain  values 
(refer  to  curves  1,  2,  and  3)  at  any  one  impact  energy/ 
ply  level.  A  similar  observation  may  also  be  with  re¬ 
spect  to  the  16-ply  laminates  of  B  Series  (refer  to  curves 
4,  5  and  6) .  Since  the  specimen  width  is  essentially  a 
constant  for  all  the  laminates  (Series  A  and  B) ,  the 
effect  of  length  on  the  values  of  strains  at  failure 
for  any  one  Series  of  laminates  appears  to  be  not  sig¬ 
nificant.  However,  if  the  behavior  of  the  two  Series 
is  observed  in  the  low  energy/ply  range  (less  than  about 
0.05  J/ply) ,  it  may  be  seen  that  the  thicker  laminates 


(A  Series)  are  exhibiting  slightly  higher  strains  than 
the  laminates  of  the  D  Series.  This  may  be  interpreted 
to  mean  that  the  'additional'  plies  in  the  thicker  lami¬ 
nate  may  be  responsible  for  exhibiting  higher  stiffness 
at  low  impact  energy  levels.  On  the  other  hand,  the 
48-ply  NASA  laminate  (curve  7,  and  also  see  Table  XV 
or  Ref.  1)  does  not  exhibit  higher  failure  strains  for 
the  controlled  (virgin)  specimens.  Since  data  is  not 
available, the  shape  of  the  curve  7,  Fig.  28,  between  the 
energy/ply  levels  of  0  to  about  0.09  J/plv  is  assumed. 
Some  of  these  small  differences  in  the  results  may  be 
attributable  to  the  small  deviations  (specimen  supporting 
devices,  effective  width  to  projectile  diameter  ratios, 
etc.)  that  exist  in  testing  the  laminates  of  Series  A  and 
B  and  the  NASA's  laminates. 

Between  the  impact  energy/ply  range  of  0.05  J/ply  to 
about  0.15  J/ply,  the  magnitude  of  strains  at  failure 
for  all  the  laminates  in  Series  A  and  B  may  be  observed 
to  bo  the  same.  It  may  be  remarked  that  the  strengthen¬ 
ing  effect  of  'additional'  plies  in  the  laminates  appear 
to  be  converging  and  tend  to  bo  asymptotic  to  the  energy 
axis.  It  may  be  noted  that  all  the  curves,  1  through  7, 
appear  to  be  converging  to  form  a  common  asymptote  as 
the  impact  energy/ply  increases. 


CONCLUSIONS  AND  RECOMMENDATIONS 

•  Based  on  the  results  of  this  investigation,  the  following 
conclusions  can  be  drawn: 

1.  At  constant  thickness,  the  length  to  width  aspect 
ratio  of  the  laminates  subjected  to  low  velocity 
projectile  impact  does  not  seem  to  have  any  sig¬ 
nificant  effect  on  the  buckling  strain  values  at 
failure. 

2.  The  laminate  thickness  appears  to  have  some  in¬ 
fluence  on  the  failure  buckling  strains  at  low 
impact  velocities.  As  the  impact  energy  per  ply 
increases,  all  the  laminates,  regardless  of  their 
thickness,  show  asymptotic  buckling  strain  values 
at  failure. 

In  order  to  ascertain  the  specimen  size  effects  further  on 
the  buckling  behavior  of  laminates  subjected  to  low  velocity 
projectile  impact,  it  is  recommended  that: 

1.  all  the  laminates  be  tested  using  the  same 
specimen  support  device  and  loading  mechanism, 

2.  at  least  four  thicknesses  of  the  same  stacking 
sequence  be  tested, 

3.  a  large  number  of  specimens  per  thickness  be 
tested  leading  to  the  statistical  analyses  of 
the  results, 

4.  the  impact  energy  levels  be  varied  in  a  systematic 
way  from  0  to  about  25  J,  and 

5.  the  projectile  firing  mechanism  be  improved  to 
develop  reliable  predetermined  energy  levels. 
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TABLE  III.  Normalized  Data:  A10  Series 


Series  : 

Avg.  Ult.  Load: 
Avg.  Ult.  Stress: 
Avg.  Ult.  Strain: 


A  10 
173.5  kN 
539.475  MPa 
.01085 


Specimen 

Number 


Normalized  Strain 


Normalized  Stress 


£i 

£r 

eu 

Oi 

°r 

Ou 

A  10-01 

..9309 

1.0027 

A  10-02 

.9677 

.9327 

A  10-03 

.9677 

1.0260 

A  10-04 

.4977 

.7650 

.4494 

.6960 

A  10-05 

.7097 

.7565 

A  10-06 

.5806 

1.0410 

.6156 

.8808 

A  10-07 

.7097 

1.0600 

.6926 

.  8964 

A  10-08 

.  7189 

.9309 

.7695 

.8480 

A  10-09 

1.1340 

1.0390 

A  10-10' 

.8756 

.8814 

A  10-11 

.7650 

.  7944 

A  10-12 

.  6636 

.6705 

A  10-13 

.4424 

.7097 

.4632 

.7239 

A  10-14 

.5438 

.5679 

A  10-15 

.4700 

.4930 

A  10-16 

.4147 

.4456 

A  10-17 

.5161 

.8755 

.5130 

.8278 

A  10-18 

.6544 

1.0510 

.6669 

1.0950 

A  10-19 

.8571 

.8749 

A  10-20  .8295 


8278 
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TABLE  III  (Continued) 


Specimen 

Number 

Normalized  Strain 

Normalized  Stress 

ei 

er  eu 

°i 

°r  °u 

A  10-21 

.7834 

1.0510 

.7747 

.9945 

A  10-23 

.2120 

.7742 

.2309 

.8308 

/  A  10-24 

.2304 

.4793 

.2565 

.5105 

/ 

A  10-25 

.2673 

.9954 

.3078 

.9324 

A  10-26 

.3318 
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.3848 
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A  10-27 
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.  A  10-29 
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TABLE  V.  Normalized  Data:  A  15  Series 

Series:  A  15 

Avg.  Ult.  Load:  171.92  kN 

Avg.  Ult.  Stress:  525.62  MPa 

Avg.  Ult.  Strain:  .0113 


Specimen 

Number  Normalized  Strain  Normalized  Stress 


ei 

er 

eu 

°r 

°u 

A  15-01 

.4248 

.4109 

A  15-02 

.4071 

.4507 

A  15-03 

1.0000 

1.0000 

A  15-04 

.3097 

.3809 

A  15-05 

.2389 

.6283 

.2587 

.6698 

A  15-06 

.4248 

.9469 

.4657 

.9475 

A  15-07 

.5752 

.6284 

A  15-08 

.7433 

.8993 

A  15-09 

.4690 

.7522 

.5175 

.7907 

A  15-10 

.3540 

.9203 

.3881 

.9397 

A  15-11 

.3451 

.7522 

.3881 

.7873 

A  15-12 

.2124 

.3894 

.2329 

.4372 

A  15-13 

•  1947 

.2566 

.2070 

.2652 

A  15-14 

.5929 

.6525 

ORIGINAL  PAGE  IS 
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TABLE  VII.  Normalized  Data: 


Series: 

A  20 

• 

Avg. 

Ult. 

Load : 

171.95 

kN 

Avg. 

Ult. 

Stress : 

528.76 

MPa 

Avg. 

Ult. 

Strain: 

.0105 

Specimen 

Number 

Normalized  Strain 

Gi  Gr  ei 

A 

20-01 

.4000 

A 

20-02 

.4952 

A 

20-03 

.1619 

.2476 

A 

20-04 

.2381 

.3428 

A 

20-05 

.3048 

.7143 

A 

20-06 

.3238 

.5048 

A 

20-07 

.4571 

A 

20-08 

.3905 

A 

20-09 

.  3048 

A 

20-10 

.9523 

A 

20-11 

.6190 

.9428 

A' 

20-12 

.2381 

.5905 

A 

20-13 

1.0480 

A 

20-14 

.2286 

.5524 
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A  20  Series 


Normalised  Stress _ 

Oi  Of,  Cfy 
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TABLE  IX.  Normalized  Data:  B  10  Series 


Series 
Avg.  Ult. 
Avg.  Ult. 
Avg.  Ult. 

Load: 
Stress : 
Strain: 

B  10 

59.76 

359.05  MPa 
.00825 

ORIGINAL  PAGE  (S 

OF  POOR  QUALITY 

Specimen 

Number 

Normalized  Strain 

Normalized  Stress 

ei 

e  e 

r  u 

V 

°u 

B  10-01 

.7757 

.7853 

B  10-02 

.7273 

.6572 

B  10-03 

.4848 

.5441 

B  10-04 

.3151 

.3757 

.2977 

.3319 

B  10-05 

.3030 

.3647 

B  10-06 

1,1390 

.9989 

B  10-07 

.4000 

.4749 

, 

B  10-08 

.3879 

.4198 

B  10-09 

.2667 

.6909 

.2977 

.7264 

B  10-10 

.3273 

.4970 

.3349 

.5113 

B  10-11 

.  3030 

.4727 

.3721 

.4927 

* 

B  10-12 

1.0420 

1.0840 

B  10-13 

.4970 

.5478 

B  10-14 

.  6909 

.8217 

B  10-15 

.6303 

.7220 

B  10-16 

.6545 

1.1510 

.7443 

1.0750 

B  10-17 

.7151 

1.0300 

.9230 

1.0230 

B  10-18 

.8606 

.9304 

B  10-19 

.2  303 

.4606 

.2642 

.5307 

B  10-20 

.1939 

.4606 

.2233 

.5203 

B  10-21 


.9576 


.9862 


ABLE  X  (Continued) 


TABLE  XI.  Normalized  Data:  B15  Series 


Series : 

B  15 

Avg. 

Ult. 

Load : 

55.00  kN 

Avg. 

Ult. 

Stress : 

338.36  MPa 

Avg. 

Ult. 

Strain: 

.0073 

Specimen 

Number 


Normalized  Strain 


Normalized  Stress 
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.3699 

.4043 

.4205 

B  15-05 

.3151 

.3477 

B  15-06 
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TABLE  XIII.  Normalized  Data:  B  20  Series 

Series :  B  20 

Avg.  Ult.  Load:  49.015  kN 

Avg.  Ult.  Stress:  308.875  MPa 

Avg.  Ult.  Strain:  .00695 


Specimen 

Number 

Normalized  Strain 

Norma 

lized  Stress 

ei 

er 

eu 

°i 

°r 

°u 

B  20-01 

.8633 

.9891 

B  20-02 

1.0500 

1.0110 

B  20-03 

.5036 

.6352 

B  20-04 

.4460 

.5444 

B  20-05 

.3309 

.6331 

./;083 

.6352 

B  20-06 

.4892 

.  5789 

B  20-07 

.2446 

.7338 

.3629 

.8103 

B  20-09 

.3885 

.7626 

.5444 

.9129 

B  20-10 

.4604 

.5454 

B  20-11 

.3885 

1.1370 

.6352 

1.1210 

B  20-12 

.6762 

.8201 

.7713 

.9074 

B  20-13 

.  3021 

.3597 

.3630 

.4120 

B  20-14 

.3165 

.4455 
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TABLE  XIV.  Faired  Data:  Strains,  K.E,  K. E/ply 


.0037  4.500  .141  .0038  2.500  .078 


TABLE  XIV  (Continued) 
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TABLE  XV. 

Faired  Data: 

Strains,  K. E/ply 

Series : 

NASA  (Ref.  1 

) 

Size : 

5"  x  10"  and 

15"  x  10" 

Lamina  Orientation:  (+  45,0 

,90,  *  40, 0 , 90) 3S 

No.  pf  Plies: 

48 

Strain 

K.E, 

K. E. /ply 

•  joule 

joule/ply 

0 

.099 

.146 

.177 

.233 

.306 

.406 


0090 

0 

0075 

4.750 

0060 

7.000 

0052 

8.500 

0040 

11.200 

0032 

14.700 

0028 

19.500 

ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


Kinetic  Energy  of  Projectile,  J 
Figure  3.  Stress  vs.  K.E.  of  Projectile  -  A  10  Series 


Figure  5.  Strain  vs  K.E.  of  Projectile:  A  10  Series 


Figure  6.  Normalized  Strain  vs.  K.E.  of  Projectile:  A  10  Series 


Figure  9.  Strain  vs.  K.E.  of  Projectile:  A  15  Series 


Figure  16.  Normalized  Stress  vs.  K.E  of  Projectile:  B  10  Series 


inetic  Energy  of  Projectile 


Figure  20.  Normalized  Stress  vs.  K.E  of  Projectile:  B  15  Series 


Figure  22.  Normalized  Strain  vs.  K.E  of  Projectile:  B  15  Series 


Projectile:  B  20  Series 
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UTGJ1S 


2urve  1.  A  10  Series 

2.  A  15  Series 

3.  A  20  Series 


ai'n  vs.  Projectile  Energy  (values  taken  from  the  faired 
threshold  curves) . 


